
Conceptual Questions 

32.1. (a) a: -100 V b: +60 V c: +80 V. The emf is the x-component of the counterclockwise rotating vectors. 

(b) a: Decreasing b: Decreasing c: Increasing 

32.2. (a) 1.0 A. Use I R = V r /R. (b) 4.0 A. Use I R = V r /R = £ 0 /R. (c) 2.0 A. I R does not depend on frequency. 

32.3. (a) 4.0 A. Use I c = <aCe 0 for all parts of this question, (b) 4.0 A (c) 4.0 A 

32.4. (a) f c = 100 Hz. Use (O c =2nf c =-^—. (b) 100 Hz. Use (O c =2nf c =-^—. (c) 200 Hz. The crossover 

RC RC 

frequency does not depend on the peak emf. 

32.5. (a) I L = 1.0 A. Use I L = V L IX L = £ 0 /(a>L ) for all parts of this question, (b) I L = 4.0 A. (c) I L = 1.0 A. 

32.6. (a) 1000 Hz. Use Ci) 0 =— 2=. Resistance does not matter, (b) —E 1000Hz = 707.1 Hz 

yj LC yJ2, 

(c) 2= 1000 Hz = 707.1 Hz (d) 1000 Hz. Peak emf does not matter. 

V2 

32.7. Less than. Here the current leads the emf, so we know that <j)< 0 (see Equation 35.22). From Equation 35.27, we find 

0 = tan~'f ~ Xc l<0 => X, - X r < 0 => ^-<1 


The reactances are given by X c = 1 /(coC) and X L = 0 )L, and the resonance frequency is C 0 0 = M\[LC. Combining 
these relationships gives 

X 1 

—— = co 2 LC< 1 => co< ,— =co n 
x c 4 lc 

32.8. We are given that afo < CO. From the last relationship of the analysis in Q32.7, we see that this implies that 
X L > X c , so 0> 0 and the current lags the emf. 

32.9. The power will increase when the peak current / increases. This will increase when you (1) decrease R, (2) set 

Xl=*c- 
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32.10. (a) 8.0 W. Use P R = ^I r R. (b) 16 W. Doubling the peak emf doubles the current, (c) 8.0 W. Doubling the 

emf would double the current except that when the resistor is doubled I R remains the same. P R increases due to 
doubling R, as in part (a). 


Exercises and Problems 


Exercises 

Section 32.1 AC Sources and Phasors 

32.1. Model: A phasor is a vector that rotates counterclockwise around the origin at angular frequency OX 
Solve: (a) The phase angle is 


£ W = 135° = 135°x^-^- = — rad 
180° 4 


'Xjrl 4 

co= —- -= 1200 rad/s 

2.0 ms 


(b) 

- - c £ -50 V 

c = c 0 cos cot => £ 0 = -=-= 71 V 

cos cot cos(3/r/4 rad) 


32.2. Model: A phasor is a vector that rotates counterclockwise around the origin at angular frequency co. 
Solve: (a) The phase angle is 


cot = 180° + 30° = 210°x 


^ = ^rad = 3.67 rad 
180° 6 


3.67 rad 3.67 rad ... ,, 

io =-=-r—= 240 rad/s 

t 15xl0“ 3 s 


(b) The instantaneous value of the emf is 

£ = f 0 cos cot = (12 V)cos(3.67 rad) = -10 V 

Assess: Be careful to change your calculator to the radian mode to work with the trigonometric functions. 


32.3. Model: A phasor is a vector that rotates counterclockwise around the origin at angular velocity co. 
Solve: The emf is 

f = f 0 cos(£Mf) = (50 V)cos[(2;rxl 10 rad/s)(3.0xl0“ 3 s)] = (50 V)cos(2.074 rad) = (50 V)cos(119°) 


Phasor at 
t = 3.0 ms 
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32.4. Model: A phasor is a vector that rotates counterclockwise around the origin at angular velocity ox 
Solve: The instantaneous emf is given by the equation 

£ = f 0 cos(£W) = (70 V)cos[(2;r)(60 Hz)f] 

At t = 60 ms, £ = (170 V) cos(22.619 rad). An angle of 22.619 rad corresponds to 3.60 periods, which implies that 
the phasor makes an angle of (0.60)(2;rrad) or (0.60)(360°) = 216° in its fourth cycle. 



32.5. Model: Current and voltage phasors are vectors that rotate counterclockwise around the origin at angular 
frequency co. 

Visualize: Please refer to Figure EX32.5. 

Solve: (a) The frequency is 


/ = 


1 

T 


-= 25 Hz 

0.04 s 


(b) From the figure we note that v R = 10 V and / R -0 .50 A. Using Ohm’s law, 


r _Vr_ 10 V 

/ R 0.50 A 


= 20 Q 


(c) The voltage and current are 

v r = Fr coscot — (10 V)cos[2;r(25 Hz)f] ;' R = I K coscot = (0.50 A)cos[2;r(25 Hz)t] 


For both the voltage and the current at t = 15 ms, the phase angle is 

cot = 2x(25 Hz)(15 ms) = 2^(0.375) rad = 135° 

That is, the current and voltage phasors will make an angle of 135° with the starting t = 0 s position. 



Assess: Ohm’s law applies to both the instantaneous and peak currents and voltages. For a resistor, the current and 
voltage are in phase. 
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32.6. Visualize: Please refer to Figure 32.4 for an AC resistor circuit. 
Solve: (a) For a circuit with a single resistor, the peak current is 


j gp .. io V 
R R 200 Q 


50 mA 


(b) The peak current is the same as in part (a) because the current is independent of frequency. 


Section 32.2 Capacitor Circuits 

32.7. Solve: (a) For a simple one-capacitor circuit, 



Jc_ 

MaC 


= coCV c 


When the frequency is doubled, the new current is 

I' c = 0)CV c = (2 co)CV c = 2 (oCV c ) = 2/ c = 20 mA 
(b) Likewise, when the voltage is doubled, the current doubles to 20 mA. 


32.8. Visualize: Figure 32.7 shows a simple one-capacitor circuit. 

Solve: (a) The capacitive reactance at a> = 2nf = 2^(100 Fiz) = 628.3 rad/s is 

X r = — =---2— = 5305 £2 

oC (628.3 rad/s)(0.30xl0~ 6 F) 

V r 10 V q 

7 r =-^- =--— = 1.88xl0 -3 A = 1.9 mA 

V c 5.305X10 3 O 

(b) The capacitive reactance at a>= 2^(100 kFiz) = 628,300 rad/s is 

X r =-=-^^— = 5.305 Q 

coC (6.283x10- rad/s)(0.30xl0“ 6 F) 


X c 5.305 0 

Assess: Using reactance is just like using resistance in Ohm’s law. Because X c a>~ 1 , X c decreases with an increase 
in a), as observed above. 


32.9. Model: The AC current through a capacitor leads the capacitor voltage by 90°. A phasor is a vector rotating 
counterc lockwi se. 

Visualize: Please refer to Figure EX32.9. 

Solve: (a) The emf frequency and that of the capacitor voltage are the same, although the waves are out of phase. 

From the figure, the period is 0.02 s, so f = — = —-— = 50 Fiz. 

T 0.02 s 

(b) From Figure EX32.9, V c = 10 V and I c = 15 mA. 

We have 


I =i£.= 

C X, 


L c 


(fflC) 


-l 


= coCV, 


c 


C- 


15xl0“ 3 A 


wV c 2^(50 Hz)(l 0 V) 


4.8xl0“ 6 F = 4.8 fi F 
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32.10. Visualize: Figure 32.7 shows a simple one-capacitor circuit. 
Solve: (a) From Equation 32.11, 


V, 


V, 


-^ = —^ = wCV c = 2nfCV c => / = 
X c 1/fljC L c 


50xl0“ 3 A 


2^(5.0 V)(20xl0“ 9 F) 


= 80 kHz 


(b) The AC current through a capacitor leads the capacitor voltage by 90° or idl rad. For a simple one-capacitor 
circuit i c = I c cos(cot + jn). For i c = / c , (cot + \n) must be equal to Inn, where n = 1,2, .... This means 


cot = - 


3 n In 11 n 


At these values of cot, v c = V c cos (cot) = 0 V. That is, i c is maximum when v c =0.0 V. 


32.11. Solve: From Equation 32.11, 


V r 


Vr 


X c VcoC 


■■ COCVr 


C- 


65xl0“ 3 A 


coV c 2^(15,000 Hz)[V2(6.0 V)] 


81x 10“ 9 F = 81 nF 


where we have used the fact that v r = y/2V rr 


32.12. Solve: (a) From Equation 32.11, 

K, 


/ = - =coCV= 2 nfCV r 

X r 1 IcoC 


C = 


(330x10“'’ A) 


- = 9.5xl0“ n F = 95 pF 


2 nfV c 2^(250 xlO 3 Hz)(2.2 V) 

(b) Doubling the frequency will double the current, so I c = 2 (330 //A) = 660 //A. 


32.13. Visualize: Please refer to Figure EX32.13. 

Solve: (a) The voltage across the capacitor is 

V -IX - X - l(o)C) _ £ 0 

C ^R 2 +Xl C R 1 + (coC)~ 2 j(coRC ) 2 +1 

__H1_V___KTV_ 

•\\n 2 f 2 (16 Q) 2 (1.0x 10“ 6 F) 2 +1 7 1 + ( 1 - 0106x10 ” 8 s 2 )/ 2 

The values of V c at a few frequencies are in the following table. 


/(kHz) 

F C (V) 

1 

9.95 

3 

9.57 

10 

7.05 

30 

3.15 

100 

0.990 
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(b) 


V C (V) 



Assess: For the voltage across the capacitor, the circuit is a low-pass filter. 


32.14. Visualize: Please refer to Figure EX32.14. 
Solve: (a) The voltage across the resistor is 


V r =IR- 


£ n R 


Jr 2 + (wcy 2 



_10V_ 

I 

(2;r/) 2 (100 Q) 2 (1.6 x10“ 6 F) 2 



10 V 

(994.72 Hz) 2 


f 2 


The values of V R at various values of/are in the following table. 


/(Hz) 

Hr(V) 

100 

1.00 

300 

2.89 

10007 

7.09 

3000 

9.49 

10,000 

9.95 


(b) 


Vr(V) 



/(kHz) 


Assess: The circuit acts like a high-pass filter when the output voltage is taken across the resistor. 
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Section 32.3 Filter Circuits 

32.15. Model: The current and voltage of a resistor are in phase, but the capacitor current leads the capacitor 
voltage by 90°. 

Solve: For an RC circuit, the peak voltages are related through Equation 32.12. We have 

$=vl+vl => V R =^ 2 -K c 2 = V(10.0 V) 2 -(6.0 V) 2 =8.0 V 


32.16. Model: The crossover frequency occurs for a series RC circuit when V R =V C . 
Visualize: Please refer to Figure 32.12b for the high-pass filter circuit. 

Solve: From Equation 32.15, 


= 2 ^/c = 


1 

RC 


2xRf c 


-= 1.6x10 -6 F = 1.6 uY 

2^(100 Q)(1000 Hz) 


Assess: The output for a high-pass filter is across the resistor. 


32.17. Model: The crossover frequency occurs for a series RC circuit when V R =V C . 
Visualize: Please refer to Figure 32.12a for the low-pass filter circuit. 

Solve: From Equation 32.15, 


fc 


1 

~RC 


C = —-— =---= 1.59xl0“ 6 F = 1.59 uF 

2 xRf c 2^(100 Q)(l000 Hz) 


Assess: The output for a low-pass filter is across the capacitor. 


32.18. Visualize: Please refer to Figure 32.12a for a low-pass RC filter. 

Solve: (a) From Equation 32.15, the crossover frequency is 

/=—— =--- 7 -= 10.0 Hz 

2 nRC 2zr(l59 Q)(100xl(T 6 F) 


(b) The capacitor voltage in an RC circuit is 

EJ(wC) _ S 0 /(0)RC) 

C <Jr 2 + l/(<y 2 C 2 ) ^\ + \Ko) 2 R 2 C 2 ) 

where, in the last step, we factored R 2 out from the square root. Using the definition co c = 1 /(RC), we can write the 
capacitor voltage as 

v £ 0 /(a)RC) £ 0 cojo) £JJf 

\Jl + l/(cu 2 R 2 C 2 ) tJ\ + co 2 / co 2 Vi + (/ c //) 2 

Using f 0 = 5.00 V, we find 


/ v c (V) 


f/c 

4.47 

fc 

3.53 

2/c 

2.24 


Assess: As expected of a low-pass filter, the voltage decreases with increasing frequency. 

32.19. Model: The current and voltage of a resistor are in phase, but the capacitor current leads the capacitor 
voltage by 90°. 

Visualize: Please refer to Figure EX32.19. 
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Solve: From Equation 32.14, the peak voltages are V r =IR and V C =IX C , where 

1 1 1 




ojC InfC 2;r(1.0xl0 4 Hz)(80xl(T 9 F) 


199 O 


The peak current is 


10 V 


= 0.0401 A 


y]xl+R 2 ^(199 Q) 2 +(150 Q) 2 
Thus, V R =(0.0401 A)(150 £2) = 6.0 V and V c = IX C = (0.0401 A)(199 Q) = 8.0 V. 


32.20. Visualize: Please refer to Figure 32.12b for a high-pass RC filter. 
Solve: (a) From Equation 32.15, the crossover frequency is 

/ =—-— =--- 

c 2 nRC 2^(100 Q)(1.59xl0 -6 F) 

(b) The resistor voltage in an RC circuit is 


=1000 Hz 


Vr = 


S 0 R 




,Jr 2 +l/(co 2 C 2 ) ^ + l/(w 2 R 2 C 2 ) 


where, in the last step, we factored R 2 out from the square root. Using the definition co c = 1 /(RC), we can write the 
resistor voltage as 

Y __ 4 __ £q _ £q 

7l + l Kco 2 R 2 C 2 ) ^\ +col I CO 2 7 1 + (/c//) 2 

Using S 0 = 5.00 V, we find 


/ 

r R (V) 

j/c 

2.24 

fc 

3.53 

2/c 

4.47 


Assess: As expected of a high-pass filter, the voltage increases with increasing frequency. 


32.21. Model: A high-pass filter transmits high frequencies and blocks low ones. 
Visualize: We are given co= 2nf = 2/r(60 Hz) = 377 Hz. From this we compute 


A c = 


coC 2nfC (377 Hz)(l5//F) 


= 176.8 Q 


Solve: The peak voltage output of a high-pass filter is 

V - £ « R 

Jr 2 +x 2 c 

When there is no load (amplifier not attached) then the resistance is just R. When the load (amplifier) is attached, its 
resistance is in parallel with the R of the filter so we compute R eq in cases (a) and (b). The peak voltage £ 0 of the AC 

source will cancel. 


Ul^eq 

load K +X C _*eq JR 2 +X 2 C 

R no load £ ° R R ^^eq+^C 

Jr 2 +x 2 
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(a) The equivalent resistance is 


e q 


1 


- + - 


1 


1.2 kQ 1.5 kQ 


-l 


= 666.7 Q 


load _*eg ^ , 666,7 0 >/(l£ kQ) 2 + (l 76,8 o) 2 

no load R 1 2 kQ ^(666.7 Q) 2 +(176.8 Q) 2 


(b) The equivalent resistance is 


eq 


1 


- + - 


1 


1.2 kQ 150 kQ 


-l 


=1190 Q 


Vju^ Q+ + 4 1100n'/(l-2ktif+(176.8ti) : _ 

F R no load R ^ e 2 q +x£ 1 - 2 kQ ^(1190 Q) 2 +(176.8 Q) 2 


Assess: With a lower amplifier impedance the voltage across the filter drops 2.3% with the load, but not with the 
higher amplifier impedance. 


Section 32.4 Inductor Circuits 

32.22. Visualize: Figure 32.13b shows a simple one-inductor circuit. 

Solve: (a) The peak current through the inductor is 

j ,.r L ._r L _ v L iov 

L X L coL 2 k fL 2^(100 Hz)(20xl0 -3 H) 


0.80 A 


(b) At a frequency of 100 kHz instead of 100 Hz as in part (a), the reactance will increase by a factor of 1000 so the 
current will decrease by a factor of 1000. Thus, / L = 0.80 mA. 


32.23. Solve: (a) For a simple single-inductor circuit, 

/ - V L - V L _ ^ 

L X L coL 2k fL 


If the frequency is doubled, the new current will be 


2K(2f)L 


— = 5.0 mA 
2 


(b) If the voltage is doubled, the current will double to 20 mA. 


32.24. Model: The AC current through an inductor lags the inductor voltage by 90°. A phasor is a vector rotating 
counterclockwise. 

Visualize: Please refer to Figure EX32.24. 

Solve: (a) The emf frequency and that of the inductor voltage are the same, although the waves are out of phase. 


From the figure, the period is 0.02 s, so / = 
(b) From Figure EX32.24, V L = 1 V and I L 


-= 50 Hz. 

0.02 s 

= 2 A. We have 


h 


Zx = Il_ 

X L coL 



-= 1.6xl0 -3 H = 1.6 mH. 

2k(50 Hz)(2 A) 
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32.25. Solve: For a simple single-inductor circuit, 


/ — V L _ Vl _ ? L 
L X L 2/r/Z, 


Z = 


2 ^l 


V 2 F rms _ 72(6.0 V) 

Infl L 2 k(\ 5 x 10 3 Hz)(65x 10 -3 A) 


= 1.4xl0 -3 


H = 1.4 mH 


32.26. Model: The AC current through an inductor lags the inductor voltage by 90°. 
Solve: (a) From Equation 32.21, 


V L _ V L _ V L 


- 330//A = —4= = -L- 


L = 


X L coL 2 n JL 

2.2 V 


2;r(45xl0 6 Hz)(330xl0 -6 A) 


2.4x10 “ 5 H = 24 juW 


(b) Doubling the frequency will double the inductive reactance and halve the current, so 


330 //A 


= 165 fjA 


Section 32.5 The Series RLC Circuit 

32.27. Solve: From Equation 32.30, the resonance frequency is 


^ VZc 


Thus, the resonance frequency is 


f = ^_ = J_L_ 

0 2k 2k 4lC 


When the capacitor value is doubled and the inductor value is halved, then 

= / 0 = 200 kHz 


/o' = — 


1 


2kV(L/2)(2C) 


32.28. Solve: (a) From Equation 32.30, the resonance frequency is 

0} ° = 7Tc 


When the resistance is doubled, the resonance frequency stays the same because / is independent of R. Hence, 
/= 200 kHz. 

(b) From Equation 32.30, 

f = 3 _ = J_L_ 

0 2k 2k VZC 


When the capacitor value is doubled, 


/o' 


^ * =A = 200 kHz =141kHz 

2k y]L(2C) V2 V2 


32.29. Model: At the resonance frequency, the current in a series RLC circuit is a maximum. The resistor does not 
affect the resonance frequency. 

Solve: From Equation 32.30, 


= _^_ = _l rr 

70 2k 2k\LC 


C = —^- 5 - = —5 - \ --j-= 1.27xl0“ 6 F = 1.3 7 /F 

Ak 2 /qL 4;t 2 (1000 Hz) 2 (20x10“ 3 H) 
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32.30. Visualize: The circuit looks like that shown in Figure 32.16. 
Solve: (a) The impedance of the circuit for a frequency of 3000 Hz is 


Z = Jr 2 +(X l -X c ) 2 = (50Q) 2 + 

2^(3000 Hz)(3.3xl0 -3 H) 1 


2^(3000 Hz)(480xl0“ 9 F) 


= •^(50 Q ) 2 + (62.20Q-110.52Q) 2 = 69.530 = 70 Q 


The peak current is 


The phase angle is 


/ = —= 5, ° V =0.072 A = 72 mA 
Z 69.53 Q 


(/) = tan 


-1 


*L~*C 

R 


■ tan' 


_! | —48.32 Q 
50 Q 


-44° 


(b) For 4000 Hz, Z= 50 Q, /= 0.10 A, and <p= 0.0°. 

(c) For 5000 Hz, Z= 62 Q, /= 0.080 A, and <p= 37° 
The following table summarizes the results. 


/= 3000 Hz_/= 4000 Hz_/= 5000 Hz 


Z[Q] 

70 

50 

62 

I [A] 

0.072 

0.10 

0.080 

0 _ 

^14° 

O 

b 

O 

37° 


32.31. Solve: When a capacitive reactance X c and an inductive reactance X L become equal, 


X, 


X r 


■ coL 

1 

coC 


coL ■ 


1 

coC 



- = = 159 kHz = 0.16 MHz 

lK V(1.0xl0 - 6 H)(1.0xl0 “ 6 F) 


The reactance at this frequency is 

X c = X L = a>L = 2^(159 kHz)(1.0xl0 “ 6 H) = 1.0 Q 


32.32. Visualize: Please refer to Figure EX32.32. 
Solve: (a) The resonance frequency of the circuit is 


(0 = 


1 

VZc 


1 

-y/(l0x 10 —3 H)(10xl0 “ 6 F) 


= 3160 rad/s 


(b) At resonance, X L = X c . So, the peak values are 


CO t 

f = — = 5.0xl0 2 Hz 
2k 


/= 4 = rv=i 0A Fr =ir = ( i o A ) (10 q) = 10 .ov 
R 10 Q 

V L = IX L = IwL = (1.0 A)(3160 rad/s)(10xl0 -3 H) = 32 V 
(c) The instantaneous voltages must satisfy v R + v c + v L = £. But v c and v L are out of phase at resonance and 
cancel. Consequently, it is entirely possible for their peak values V c and V L to exceed £ 0 . V R + V c + V L = £ 0 is not a 
requirement of an AC circuit. 
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32.33. Visualize: Please refer to Figure EX32.33. 

Solve: (a) The resonance frequency of the circuit is 

0 )=-^= 1 =3.2xl0 4 rad/s => / = —= 5.0xl0 3 Hz 

< LC ^(l.OxlO -3 H)(1.0xl0 “ 6 F) ln 

(b) At resonance X L = X c . So, the peak values are 

/ = ^ = !. 0A => j/ R =Zft = (1.0 A)(10 Q) = 10 V 

R 10 Q 


V C =IX C =I 



1.0 A 

(3.16X10 4 rad/s)(1.0xl0 “ 6 F) 


= 32 V 


(c) The instantaneous voltages must satisfy v R + v c + v L = £. But v c and v L are out of phase at resonance and 
cancel. Consequently, it is entirely possible for their peak values V c and V L to exceed £ 0 . V R +V C + V L = £ 0 is not a 
requirement of an AC circuit. 


Section 32.6 Power in AC Circuits 

32.34. Visualize: Assume a simple single-resistor circuit. 

Solve: An electrical device labeled 1500 W is designed to dissipate an average 1500 W at V rms =120 V. We can 
use Equation 32.39 to find that 

^ = ^k = (120V) 2 =96Q 

P av „ 1500 W 

dVg 

Assess: Calculations with rms values are just like calculations for DC circuits. 


32.35. Visualize: Assume a simple one-resistor circuit. 
Solve: From Equation 32.39, 


r _ vL .. (10-0 V) 2 

Pavg 2.0 W 


= 50 Q 


Using the equation again gives 

V lms = Jv = V(10.0 W)(50 Q) = 22 V 


32.36. Solve: From Equation 32.45, we see that the power delivered by a source is related to the maximum power as 

^source — ^max cos ~ <f> 

If Source = 0-75 P m ax , then the phase angle ^is 

cos 2 ^ = 0.75 => 0 = cos - 1 (x/o/75) = 3O° 

32.37. Model: The motor has inductance, otherwise the power factor would be 1. Treat the circuit as a series RLC 
circuit without the capacitor ( X c = 0 Q). 

Solve: From Equation 32.44, the average power is 

Source = Wrmscos^ = (3.5 A)(120 V)cos(20°) = 390 W = 0.39 kW 

32.38. Model: The energy supplied by the emf source to th eRLC circuit is dissipated by the resistor. Because of the phase 
difference between the current and the emf, the energy dissipated is P R = / rms £ rms cos </> = I [ms V rms (Equation 35.46). 
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Solve: From Equation 32.28, 


Vr = £ () cos<p => V rms =£ rms cos0 


32.39. Model: The energy supplied by the emf source to the-KTCcircuit is dissipated by the resistor. Because of the 
phase difference between the current and the emf, the energy dissipated is P R = / rms £ rms cos0 = / rms E rms (Equation 
32.46). 

Solve: The power supplied by the source and dissipated by the resistor is 

^source — — ^max cos ~0 


where _P max = Anax^o is the maximum possible power. For an RLC circuit, I max £ 0 /R, so 


Thus, the power factor is 


£q _ 5-ms _ (120 V) 2 _ 111W 
2 R R 100 Q 



80 W 
144 W 


0.75 


Problems 


32.40. Solve: (a) From Equation 32.14, 


Vr = , £ ° R A => R 2 +—A = 4R 2 => co = 1 


Jr 2 + (a>c) 


-2 2 


,,2^2 
CO C 


-JlRC 


(b) At this frequency, 


y c =,x c =tk(_L) = V^^ RC) X£ £a 
R{aC R C 2 


32.41. Solve: (a) From Equation 32.14, 


£ 0 /(coC) £ () _ 2 1 4 

Vr ~ i ~ => iv H-r—— — —-—— 

y]R 2 +(coCT 2 2 ®-C 2 w 2 C 2 


a>=- 


A 

RC 


(b) At this frequency, 


V r =IR- 


SrR 


£ 0 R x/3 , 


^R 2 + (cocy 2 ^R 2 + R 2 /3 


32.42. Visualize: Please refer to Figure 32.12. 
Solve: For an RC filter, I = £ 0 I^R 2 + Xq and 

£ 0 R 


V r =IR- 


■s]R 2 + (cocy 


V C =IX C : 


SrX, 


o^c 


Jr 2 + (wcy 2 


At the crossover frequency co = co c = (RC) and so ( co c C ) = R. Thus, 


Y _ £pR _ £p y _ £ 0 /((oC) _ £ 0 R _ £ 0 
R s!r 2 +R 2 V2 C ^ r 2 + (acy 2 V R 2 +R 2 ^2 
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32.43. Model: The capacitor is a parallel plate capacitor with round electrodes and capacitance C = e 0 A/d. 
Visualize: We are given <y= 2 nf = 2^(36 kHz) = 2.26xl0 5 Hz, R = 12 kO and E 0 = 12 V. The area of the plates 
is A=nr 2 = k(1 .5 cm) 2 =0.01767 m 2 . 

Solve: The peak current in the RC circuit is 

j _ E o _ E o 




Do the algebra to solve this for C and then for d. 

\2 


r 2 + 


,a>C j 


= (E 0 /I) 2 => arc 1 : 


•C = 


£ 0 A 


(E q /I) 2 -R 2 ~ a>yj(E 0 /I) 2 -R 2 d 


d = £ 0 Aco^(E 0 /I) 2 -R 2 

= (8.85xl0“ 12 C 2 /N■ m 2 )(0.01767 m 2 )(2.26xl0 5 Hz)^/(12 V/0.65 mA) 2 -(12 kQ) 2 =0.50 mm 
Assess: This is a reasonable plate spacing for a capacitor. 


32.44. Visualize: Figure 32.17 defines the phase angle </>. 

Solve: The phase angle is 

-ifX L -X c 


) = tan 


R 


A capacitor-only circuit has no resistor (R = 0 Q) and no inductor (X L = 0 Q). Thus, the phase angle is 

—if 0 ——i 

</> = tan I —^— j = tan (—°°) = —— rad 

That is, the current leads the voltage by jd2 rad or 90°. That is exactly the expected behavior for a capacitor circuit. 

32.45. Visualize: 


3.0 ,uF 


3.0 pF 


f °- 10V 0 4.0,uF 

/= 200 Hz Y 


2.0 jUF 



© 6.0 /jF i l=> © trz 2.0 jUF 


The equivalent capacitance is 


CL 


1 


1 


-l 


: 2.0 fjF 


" eq ^3.0//F 4.0 juF+ 2.0 /jF 

Solve: (a) The figure shows that the equivalent capacitance of the three capacitors is 2.0 /u¥. The capacitive 
reactance and peak current are 

1 1 


X r 


= 397.9 Q 


2k fC 2 k(200 Hz)(2.0x10“ 6 F) 

7 = -^-= 10V =0.02513 A = 25 mA 
X c 397.9 Q 

(b) All the current passes through the 3.0 /J F capacitor. Thus the peak voltage across the 3.0 //F capacitor is 


=IX c = (25.13x10 -3 A) 


1 


2^(200 Hz)(3.0xl0“ 6 F) 


= 6.7 V 
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32.46. Solve: Because Q = CV (and C is constant), Equation 28.29 maybe transformed to give the voltage of a 
discharging capacitor as 

V c = V 0 e~ ,/(RC) ^^-=V 0 e~ (2 - 5ms)/(RC) => ln(|) = - (2,5 — => RC = ~ (2 ' 5xl ° — = 3.61xl0“ 3 s 
c 0 2 0 RC ln0.5 


The crossover frequency for a low-pass circuit is 


/c = 



— 1 —=_ 1 _ 

2 7t)RC 2;t(3. 6 1 x 10 -3 s) 


32.47. Model: The AC current through a capacitor leads the capacitor voltage by 90°. On the other hand, the 
current and the voltage are in phase for a resistor. 

Visualize: Parallel circuit components have the same potential difference. The voltage phasor of both the resistor 
and capacitor match the phasor of the emf. 



Solve: (a) Because we have a parallel RC circuit, the voltage across the resistor and the capacitor is the same. The 
current phasor / R is therefore along the same direction as the voltage phasor £ 0 , and the current phasor 7 C is ahead 
of the voltage phasor f 0 by 90°. The peak currents in the resistor and capacitor are 


, _ Pr _ So 

/r “T“Y 


(b) From the figure, we see that the phasors / R and I c 
find the phasor for the peak emf current I as follows: 




2 +ll 


£n 


1 /(fflC) 


/ - V C _ gp 
c x c (wC)~ l 

are perpendicular to each other. We can combine them and 



=£o 


(cocy + 


i 

R 2 


32.48. Model: The current and voltage of a resistor are in phase. For a capacitor, the current leads the voltage by 90°. 
Visualize: This is the phasor diagram for an RC circuit in which the current leads the emf voltage by 45°. 




C- 

= 

F 



c 'rms 

Ri 

_] 

> 

> 

> 
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Solve: We have two tasks. First, to get the phase right. Second, to get the output voltage right. In the RC circuit 
above, the resistor voltage is in phase with the current. If we chose a capacitor and resistor such that V R = V C , then 
the current and the resistor voltage (the output) lead the emf (the input) by 45°. Since V R =IR and V c =IX C , the 
phase angle will be 45° if R = X C = 1 IcoC. This gets the phase right, but is the output voltage right? Under these 
conditions, the rms voltage across the resistor is 


^ R knis Ains ^ 


C D 

~rms^ 


l 


R 2 +X 2 r 


C D 

\Ir 2 +R 2 


= rms - 0 

vj. /\j / o rms 


This is too much voltage. We want a circuit in which (k R ) rms =0.5 £ rms . But we can reduce the voltage by splitting 
the resistor R into two series resistors whose total resistance is R. 


V R 




Because the current is the same through both resistors, 


V 2 _V 2 _ 


= ^ => r 2 = Xx R = °- 500g rm S R = o 70 7 j; 


V* 


0.707£ r , 


V 1 + V 2 V R R l+ R 2 r y R 

That is, if we split resistor R into ^ = 0.293?? and R 2 = 0.707R and take the output from R 2 , then the total 
resistance will cause the phase angle to be 45° and the voltage across R 2 will be half the input voltage. 

There are no unique values for R and C. Any values that obey these relationships will work. But to be specific, 
suppose we choose C= 100 //F, a very typical capacitance value. Then 

1 1 


R = - - 

coC (2^x60 Hz)(100xl0“ 6 F) 

Flence our circuit is as shown above. 


= 26.5Q 


R, =0.293?? = 7.8 Q and R, = 0.707R = 18.7 Q 


32.49. Model: While the AC current through an inductor lags the inductor voltage by 90°, the current and the 
voltage are in phase for a resistor. 

Visualize: Series elements have the same current, so we start with a common current phasor / for the inductor and 
resistor, 
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Solve: Because we have a series RL circuit, the current through the resistor and the inductor is the same. The voltage 
phasor V R is along the same direction as the current phasor I. The voltage phasor V L is ahead of the current phasor 
by 90°. 

(a) From the phasors in the figure, £ 0 = -Jcf + V R . Noting that V L = IcoL and V R = IR, £ 0 = I\lco 2 L 2 +R 2 and 

J _ g 0 y _ £ 0 R y _ £qCOL 

4r 2 +w 2 L 2 R Jr 2 + w 2 L 2 L Jr 2 + w 2 L 2 

(b) As 0)—> 0 rad/s, V R —> £ 0 R/R = £ 0 and as <w —> V R —> 0 V. 

(c) The RL circuit will be a low-pass filter, if the output is taken from the resistor. This is because V R is maximum 
when (o is low and goes to zero when co becomes large. 

(d) At the crossover frequency, V L = V R . Hence, 


Ico c L = IR 


(O c 


R_ 

L 


32.50. Model: The solenoid is ideal. 

Visualize: We are given A r = 800 turns, co = 2xf = 2x(5.0 kHz) = 3.14xl0 4 Hz, .K = 110O, 

7t( 0.50 cm) 2 = 7.85xl0 -5 m 2 , and £ 0 = 12 V. 

Solve: The inductance of the solenoid is 

r jUqN 2 A (4^-xlO -7 T-m/A)(800) 2 (7.85xl0 -5 m 2 ) , 

L =-=-= 1.26 mH 

l 5.0 cm 


The peak current in the RL circuit is 

r _ gp _ £q _ 12 V 

yjR 2 + x[ yjR 2 + (COL) 2 y](nO Q .) 2 + ((3.14x 10 4 Hz)(1.26 mH)) 2 

The maximum flux through a solenoid is the inductance times the maximum current. 

<t> m = IL = (0.103 mA)(1.26 mH) = 0.13 mWb 
Assess: This is an acceptable amount of flux. 


= 0.103 mA 


A = nr 2 - 


32.51. Visualize: The circuit looks like the one in Figure 32.16. 

Solve: (a) For a 120-V power line, the 120 V is the rms voltage, so £ rms = 120 V. 
(b) For an RLC circuit, the impedances are 

X L = coL = 2;r(60 Hz)(0.15 H) = 56.55 0 


X r = —=- - --= 88.42 0 

coC 2 k(6D Hz)(30x10 -6 F) 


The phase angle is 

56.550-88.420 
100 O 

Because <j) is negative, this is a capacitive circuit. 

(c) The average power loss is 

£ 2 (120 V ) 2 

P R = I rn .,£ rm . cose) = -^ss^-cos^ = -—cos(-17.7°) = 137 W = 0.14kW 

K rms rms r 100 O 


</) = tan 


-if Xi ~Xr 


R 


- tan 


-l 
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32.52. Visualize: The circuit looks like the one in Figure 32.16. 
Solve: (a) The impedance of the circuit is 


: = Jr 2 + (X l -X c ) 2 = (25 Q) 2 + 


2^(60 Hz)(0.10 H)-- 


1 


2;r(60 Hz)(100xl0“ 6 F) 


= V(25 Q) 2 + (37.70 Q-26.53 Q) 2 =27.4Q 


The rms voltage is 


4ns = 7 rms Z = (2.5 A)(27.4 £2) = 68 V 


where we have carried additional decimal places in the calculator, 
(b) The phase angle is 


(f) = tan' 



= tan 


( 11.173Q 2 
[ 25 Q , 


This is an inductive circuit because 0is positive. 

(c) The average power loss is 

Pr = 4ns4nscos(» = %cos(» = (6 ^ 5 ^~ cos(24°) = 170 W = 0.1 7 kW 
K Zj LI 


32.53. Model: The circuit elements and wires are ideal. The wire where we measure the magnetic field is long and 
straight and the point is far away from the other wires. Assume the AC source is sinusoidal. 

Visualize: We are given L = 2.1 mH, C = 550 nF, R = 550 Q, £ rms = 50 V, and r = 2.5 mm. 

Solve: The maximum current occurs at resonance = 1 /sjLC j and it’s value is Anax =£- max^ where 


= x/2f rms . Now we put this into the equation for the magnetic field due to a long straight wire 
_Ao ^max _ Ao4 


7 ? = 


2 Kr 


/R) _ /J 0 (\f2e Tms /R) _ (4;rxl0~ 7 T-m/A)(V2(50 V)/550 Q) _ 1Q ^ 
Inr 2nr 2n(2 .5 mm) 


Assess: We knew this maximum would occur at resonance, but we technically did not need to figure out the 
resonance frequency to get the answer. That is, we didn’t need L or C. But since we have them, the maximum 
magnetic field occurred when the voltage source was adjusted to a frequency of 


/ = - = 
2k 


1 


1 


2k\I~LC 2k^{2 ,lmH)(550 nF) 


= 4.7 kHz 


32.54. Visualize: Please refer to Figure P32.54. When the frequency is very small, X c =l/(coC) becomes very 
large and X L = coL becomes very small. Therefore, the branch in the circuit with the capacitor has a very large 
impedance and most of the current flows through branch 1 with the inductor. When the frequency is very large, the 
reverse is true and most of the current flows through branch 2 with the capacitor. 

Solve: (a) When the frequency is very small, the branch with the inductor has a very small X L , so Z = R^ The 
current supplied by the emf is 


/ 


rms 


10 v 

100 Q 


0.10 A 


(b) When the frequency is very large, the branch with the capacitor has a very small X c , so Z = R 2 . The current 
supplied by the emf is 


I 


rms 


10 v 

50 Q 


0.20 A 
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32.55. Model: An RLC circuit is driven above the resonance frequency when the circuit current lags the emf. 
Visualize: The circuit looks like the one in Figure 32.16. 

Solve: The phase angle is +30° since the circuit is above resonance, and X L >X C . Thus 

X T -X r 


tan30° = 


R 


X L —Xq = Rtan30° 


The impedance of the circuit is 

Z = ^Jr 2 + (X L -X C ) 2 = ^Jr 2 + (Rtan30°) 2 = R<J l + (tan30°) 2 


The peak current is 


10 V 


z (50 Q),/l + (tan30 0 ) 2 


= 0.17 A 


Assess: Remember to put your calculator back into degrees mode when calculating tan 30°. 


32.56. Visualize: The circuit looks like the one in Figure 32.16. 
Solve: (a) The impedance and phase angle are 


Z =^R 2 +(X L -X C ) 2 =^(50Q) 2 + 

= -7(50 Q) 2 +(37.36 Q) 2 = 62.42 Q 


2;r(5.0xl0 3 Hz)(3.3xl0“ 3 H)-- 


1 


l 2 


2;r(5.0xl0 J Hz)(480xl0“ 9 F) 


(j) = tan 


-l 


Xl~X c i . 


R 


= tan 


_! f 37.36 Q 
50 Q 


= 36.8° 


Since £ = £ 0 cosox, £ = £q implies that 0 X = 0. From Equation 32.22, the instantaneous current is 

i = Icos(ox-d) = —cos { 0 X-</>) = ^ ^ cos(0°-36.8°) = 64 inA 
Z 62.42 £2 

(b) £ = 0 V and £ decreasing implies that ax = rad. As before, 

;= 5 0 V cos(90°-36.8°) = 48mA 
62.42 Q 


32.57. Visualize: The circuit looks like the one in Figure 32.16. 

Solve: (a) The instantaneous current is i = I cos(ox - </)). The phase angle is 

- 48 - 32 Q l - 

50 Q J 

Since i = Icos(cot -</>), i = I implies that 0 X-<j) = 0 rad. That is, cot = 0 = -44°. Thus, 


> = tan 


-l 


*L~*C 

R 


= tan 


-l 


£ = £ 0 cosox = (5.0 V)cos(-44°) = 3.6 V 

(b) / = 0 A and is decreasing implies that 0 X-cj) = 3 -k rad. That is, cat - \k + (/>= 90° - 44° = 46°. Thus, 

£• = (5.0 V)cos(46°) = 3.5 V. 

(c) i = -7 imples ax - 0 = k rad. That is, tar = # +0 = 180°-44° = 136°. Thus, £" = (5.0 V)cosl36° =-3.6 V. 
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32.58. Visualize: Consider the phasor diagram shown in the figure below. 


y 


X T X r 


Solve: From Equation 32.27, we know that phase angle 0is given by 

</> = tan 


-II x L -x c 


R 

as shown in the figure above. By the Pythagorean theorem, the hypotenuse h is 

h = ^R 2 + {X L -X c f=Z 

The definition of cos0 then gives 

. R R 

COS 0 = — = — 

h Z 

Assess: Note that cos0 is dimensionless, as expected. 

32.59. Solve: (a) The peak current in a series RLC circuit is 

The maximum current is I max =£ 0 /R, and it occurs only at resonance because this is when the impedance 
Z = tJr 2 + (X L - X c ) 2 is the smallest. Using this expression for Z, 

R_ R _ 1 1 _ 1 

Z V^ 2+ ( X L~X C ) 2 ^ | ^ X L -X c ~y x/l + tan 2 ^ ^sec 2 ^ 


= cos0 


Thus, I = I max cos0. 

(b) From Equation 32.44, the average power is 

Source = \ I£ 0 cos </> = |( 7 max cos ^0 COS^ = (y/ max £ 0 ) c OS 2 </) = P max COS 2 <p 
where P max = y / max £ 0 is the maximum power the source can deliver to the circuit. 

32.60. Solve: (a) The resonance frequency is 

1 


^) = -7===2^/o => C= 1 


4lc 


47r 2 fo~L 4;r 2 (104.3xl0 6 Hz) 2 (0.200 //H) 


= 11.6 pF 


(b) The current produced by the out-of-tune radio station is 0.10% of the resonance current. Therefore, 

g° =(10~ 3 A => R 2 + (X L -X c ) 2 =\0 6 R 2 ~ (X L - Xq) 2 => |X L -X c | = 10 3 i? 

4r 1 + ( x l -x c ) 2 r 


R = 

10 -3 {coL——} 

= 

10“ 3 


{ coC) 




2^(103.9 MHz)(0.200 //H)- 


1 


2^(103.9 MHz)(l 1.64 pF) 


= 1.49x10“ 3 Q 


Assess: The impedance at resonance is Z = R because X L = X c . 
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32.61. Solve: (a) The resonance frequency is 

1 . 1 


/o = 57 MHz 


2 7Ty]LC 

(b) We have I em j frequency — T^resonance - Therefore, 


4;r 2 foC 4;r 2 (57xl0 6 Hz) 2 (16x10“ 12 F) 


= 0.487 //H ~ 0.49 //H 


Jr 2 +(X l -X c ) 


- = -— => 7? 2 +| wL 
2 2 7 ? 


--I- 

<3X7 i 


4R~ 


coL —— = - 73 R 
coC 


For/= 60 MHz, 


R = 




2;r(60xl0 b Hz)(0.487 //H)- 


2;r(60xl0 6 Hz)(16xl0“ 12 F) 


= -|=[l83.70 £2-165.79 12]= 10.3 £2 
V 3 


For / = 54 MHz, 7? = 10.9 0. The minimum possible value of the circuit resistance is thus 10.9 O or, to two 
significant figures, 11 O. 

32.62. Model: The filament in a light bulb acts as a resistor. 

Visualize: Please refer to Figure P32.62. 

Solve: A bulb labeled 40 W is designed to dissipate an average of 40 W of power at a voltage of V rms =120 V. 
From Equation 32.39, the resistance of the 40 W light bulb is 

V 2 ms .. (120 V) 2 


^40 


'40 


40 W 


- = 360 £2 


Likewise, R 60 = 240 £2 and R i00 =144 £2. The rms current through the 40 W and 60 W bulbs, which are in series, is 


ho ~ ho z 






120 V 


R 40 +7? 6 q 600 £2 600 £2 


= 0.20 A 


The rms voltage across the light bulbs in series are 

F 40 = ho R 40 = (°- 20 A)(360 W) = 72 V V 60 = I 60 R 60 = (0.20 A)(240 W) = 48 V 
The voltage across the 100 W light bulb is F 100 =120 V. The powers dissipated in the light bulbs in series are 


'40 


= V 40 I 4 o = (72 V)(0.20 A) = 14 W P 60 = V 60 I 60 = (48 V)(0.20 A) = 9.6 W 


The power dissipated in the 100 W bulb is 


^^(mv^oo w 


R 


too 


144 Q 


32.63. Model: The circuit elements and wires are ideal. The wire where we measure the magnetic field is long and 
straight and the point is far away from the other wires. Assume the AC source is sinusoidal. 

Visualize: We are given 7? = 25mT, C = 35/jF, R = 120 £2, A = 500 turns, / = 60 Hz => a>= 377 Hz, and 
H = 0.12 mx0.16 m = 0.0192 m 2 . 

Solve: We need to know the phase angle. Since there is no inductor, X L = 0. 


(p- tan 


-1 Xr-X, 


R 


c _ 


= tan 




R 


— I = tan 1 


-1/6X7 

R 


= tan 


-l 


coCR 


] = tan- 1 f -1 

f 

| = tan -1 

J yixfCRj 

V 


2^(60 Hz)(35 //F)(120 £2) 


-32° 


© Copyright 2017 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist. 
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 



32-22 Chapter 32 


Now we use Faraday’s law to find the maximum voltage £ 0 


dt 


NAB f^cosjW) _ _ w nab s in cot - 
dt 


£ 0 = coNAB = (377 Hz)(500 turns)(0.0192 m-)(25 mT) = 90.5 V 
The average power supplied by the emf is 

P = -Ie 0 cost/) = -^-cos^ = -^^-cos(-32°) = 24 W 
2 2 Z 2 142Q 


Another method of solution is 


avg 


/2 n __ ^rms d . 
' 1 rms A _o /v 


\ (coNAB) 2 
R 2 + ( wCY 2 


/? 


1 

_ 2 


((377 Hz)(500 turns)(0.0192 m 2 )(25 mT)) 2 


(120 Q) 2 + ((377 Hz)(35 //F))“ 2 


(120 Q) = 24 W 


Assess: This is a reasonable value for the power. 

32.64. Model: The wires are resistors as well as conductors. 
Solve: (a) From Equation 32.40, 

-^source — (Ams^rms 11 (-^rms‘-'rms)2 (-^rms^rms )3 


450 MW=3/ nl / rms : 


: 37 rms (120 V) 


(b) Using the same equation, 


: 450X10 W =1.25X10* A 
3(120 V) 


450 MW = 3/ rms £ rms = 3/ rms (500xl0' 3 V) 

r 450x10* W . nn . 

7 rms =-5-= 300 A 

3(500x 10 3 V) 


(c) Copper may be a good conductor, but it still has some resistance. Even a thick copper cable cannot carry a 1.25 
million amp current. It would melt! A step up to much higher voltages allows the power to be transmitted at much 
lower currents. 


32.65. Model: Assume that the circuit is a series RLC circuit. 
Solve: (a) From Equation 32.44, 7^ ource =/ rms £’ rms cos^. Thus, 

6.0xl0*W = / rms (15,000 V)(0.90) =; 


/ rms = 444 A = 0.44kA 


(b) 
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The figure above shows the nature of R, X c , X L , and Z as a phasor diagram. The power factor is cos^= 0.9. The total 
circuit impedance is found from Z = Z rms // nris = (15,000 V)/( 444 A) = 33.8 Q. You can see from the right triangle in 
the diagram that 

X L -X c = Z sin</> = Z^Jl-cos 2 </> = (33.8 Q)^/l-(0.9) 2 =14.7 Q 

You can bring the power factor up to 1.0 by reducing X L -X c to zero. To do this, you can increase X c by 14.7 Q. 
Since X c = 1/ coC, the extra capacitance needed to raise the power factor is 

C = ---= 1.8xl0“ 4 F 

(2;rx60 Hz)(14.7 Q) 

(c) When the power factor is 1.0, the power delivered is P = (£ rms ) 2 /R. From the figure above, we see that the 
resistance is _R = Zcos0 = (O.9)(33.8 £2) = 30.4 £1 Thus 


(15,000 V ) 2 
30.4 Q 


= 7.4 MW 


32.66. Visualize: 




(b) 



(c) 


Solve: (a) The three phasors are shown in the figure above. The second phasor has a phase 120° ahead of the first 
and the third phasor has a phase that is 120° behind the first. These phasors are labeled as (8 ~)1, (£’ 0 ) 2 , and (£ 0 ) 3 . 

(b) As shown in the figure above, the three vectors (or phasors) add to zero. This means that the sum of the three 
phasors is zero. 

(c) In the figure above, we can use the law of cosines to find 

S' 0 = + Sq - 2S 0 S 0 cos0 = + Sq - 28g cos(l 20 °) = V3 S 0 

Thus the rms value of the difference between two phases is 

£ r ' ms = V3£ rms = 3/3(120 V) = 208 V 


32.67. Model: Assume the motor is a series RLC circuit. 

Solve: (a) From Equation 32.44, the average power is F^rce = F rms £ rms 


cos© = - 


1 source _ _ 

/ f 

rmsrms 


800 W 


(120 V)(8.0 A) 


cos0. Thus, the power factor is 
= 0.83 


(b) The resistance voltage is V tms =£ rms cos0 = (12O V)(0.833) = 100 V. 

(c) Using Ohm’s law, the resistance of the motor is 


i? = iU = ioov =13Q 

/rms 8.0 A 
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(d) From the results of part (a) and from Equation 32.27, the phase angle is 

</> = cos _1 (0.833) = 33.6° = tan -1 (^ Xl ~ Xc j 
X L -X C =(12.5 Q)tan(33.6°) = 8.292 0 

The phase angle becomes zero and the power factor becomes 1.0 by increasing the capacitive reactance by 8.292 Q. 
The capacitor with this reactance is 

C = ---= 3.2xl0“ 4 F 

2;r(60 Hz)(8.292 Q) 


Challenge Problems 

32.68. Model: The phase angle is positive in an RLC circuit in which the current lags the emf. 
Visualize: Please refer to Figure CP32.68. The circuit looks like Figure 35.16. 

Solve: (a) From Figure CP32.68, we identify 

£ 0 = 10 V, 1 = 2 A, and/ = —— = 10.0 kHz. 


100 /us 


The current is half its value at t = 0, so — = cos (p => (p = 60°. 
Thus 


Since 


tan(60°)= Xh R Xc 


I = — = 
Z 


X L - X c = R tan(60°). 


^R 2 + (X l -X c ) 2 


R = - 


10 V 


, = 2.5 O 


'yjl + (tan60°) 2 (2 A)7l + (tan60°) : 

(b) The resonance frequency is <y res = -- Rearranging the expression in part (a). 


Jlc 


X L —X c = Rtan(60°) = 0 )L-—^= a>L\ 1 


1 


orLC 


■ coL 


\ 4s ^ 

v"- 2 z 


, .2 , .2 | 

0) res =(D | 1 


Rtan(60°) 

coL 


With co= 2^(10.0x10 Hz), and L = 200//H, 

a> res =5.1 xlO 4 rad/s => / res =-^^ = 8.1 kHz. 

2k 

Assess: Since (p > 0, the circuit is being driven above the resonance frequency. 

32.69. Solve: (a) From Equation 32.44, the average power is _P avg = £ rms 7 rms cos0, where I Tms = S lms /Z and 
cos</> = R/Z. We also have 


Z z =R z +\ coL- 


1 

coC 


= R 2 + L 2 1 (0- 


1 


wLC 


= R 2 + ^ T (ar -a%) 2 

co 


Combining these results we obtain 

^avg — ^rms^ms cos ^ - (‘-Tins) 


^rms V R 


<?2 r> 

°rms-^ 


c2 n^-j2 


R 2 + ^-(ar -afi) 2 - 2 R 2 + L 2 (co 2 -co 2 ) 2 
CO 
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(b) Energy dissipation will be a maximum when dP mg /dco = 0. Taking the derivative of the result of part (a) gives 

dP m% _ 2 co ar[2coR 2 + 2 L 2 (co 2 - col){2co)] 

dco w 2 R 2 + L 2 {or-colf [co 2 R 2 +L 2 (co 2 -co^) 2 ] 2 

orR 2 +L 2 (ar -&fr) 2 = co 2 R 2 + 2L 2 co 2 (co 2 -aft) => a> 4 =a$ => co = ±cOq 
The physically relevant solution is CO - COq. 


32.70. Solve: (a) The peak inductor voltage in a series RLC circuit is 

Sn 


V L = IX L = I{coL) = \-^\ 0 )L-- 


£ 0 coL 


R~+ coL 


—T 

coC ) 


For C L to be maximum, dV L /dco = 0. Taking the derivative and dividing by the constant factors gives 


dV L 

dco 


co(2)\ coL —— |[ L + ^— 

\ fflCA a?C_ 

3/2 


R + coL 


coC ) 


coL- 


h 

coL- 

V 

1 ' 

coC y 

2 

2 

r 2 + 

coL- 

-f 

coC J 

1 If 

coL + 

\ 

1 > 


2 

2 L 

-R 2 = 

coC )\ 

coC) 


,12^2 
CO C 

C 


1 R~C 


2^2 \ 


- 1/2 


2 


where C 0 0 = ^\/(LC) and the maximizing frequency is CO L . 
(b) The voltage across the inductor is 


V L = IX L = —X L = —coL 
Z Z 


At co = coq= \/4lC, Z = R = 1.0 £2. We get 


_ So m r - £ o \ L - 10 V l 1 - 0 ^ 


V, =-±0^1 = —-- ,- 

Z Z\C 1.0 0\1.0//F 


= 10 V 


The maximizing frequency CO^ is 
®L = 


1 r 2 c 2 


-1/2 r 


CO 0 2 

(1.0//H)(1.0//F)- 

The impedance at this frequency is 

Z = ^Jr 2 +(co l L-1/co l C) 2 


LC- 


r 2 c 2 


-1/2 


(1.0 O) 2 (1.0//F) 2 


- 1/2 


: 1.414x10° rad/s 


= (1.0O) 2 + 


(1.414x10° rad/s)(1.0//H)- 


1 


(1.414x10° rad/s)(1.0//F) 


= 1.2250 


The voltage is 


V, =—C 0 )L= 10,0 V (1.414x10° rad/s)(1.0//H) = 11.55 V = 12 V 
L Z L 1.225 0 
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32.71. Model: The capacitor current leads the voltage by 90°. The inductor current lags the voltage by 90°. 
Visualize: (a) The capacitor and inductor are in parallel. Parallel circuit elements have the same voltage, so 
V L =V C = V LC . Because this is a shared voltage, we’ve started the phasor diagram by drawing the V LC phasor. Then 
the capacitor phasor I c leads by 90° and the inductor phasor / L lags by 90°. 



The capacitor and inductor currents add to give the phasor / LC = I L = I c . The resistor is in series with the 
capacitor/inductor combination, and series elements share the same current, hence / R =/ LC . For a resistor, the 
voltage V R is in phase with the current I R , and this has been shown on the diagram. Finally, the voltages V R and V LC 
add as vectors to give the emf voltage S 0 . 

We see from the right triangle that 

£o- = v£+vtc 

For the resistor, V R = I r R = IR. The capacitor/inductor combination requires a little more care. The peak inductor 
current and peak capacitor current are 

j = 2L=fk / = }jl=Yml 

L x L x L c x c x c 


Thus 


t _ , , ^lc 

y LC y LC 

A L a C 


■-V TI 


V^L X CJ 


^LC ~ ^LC 


1 1 


\—1 


But I LC = I R = /, so our expression for S 0 becomes 


So =Vl + Vl c =I 2 R 2 +I 2 


1 1 


-2 


=> / = - 


r 2 + 


r \-2 

' J_1_ 


(b) As 0 )—> 0 rad/s, X L —> 0 Q and X c —> This means 


' 1 1 


r i n 

, X L X Cj 

—> oo ZZ> 

, X L X C J 


-2 


• otr 


Thus, / = S 0 /R. That is, the inductor L becomes a short and S 0 drives only the resistor R. As 0)—> X L —> °° and 
X c ->0Q. This means 


[ 1 

1 ) 

_ _ 1 _X _\ 

{ 1 

1 ' 

Ul 

- 7 —S 

X c) 

Ul 

*c. 
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Thus, / = £ 0 /R. That is, the capacitor C is the short and £ 0 drives only the resistor R. 
(c) At resonance / L =/ c . This means A L = A c or C 0 q = 1 /-JLC. Therefore, 


X T A r 


A: Xr 


-2 


Thus, 1= 0 A. 


32.72. Visualize: Voltage is the same for circuit elements in parallel, so start with the £ 0 phasor. Please refer to 
Figure CP32.72. 




u> (rad/s) 


Solve: (a) We see from the above phasor diagram that 


Since I = £ 0 /Z, the current is 


1 

%) 2 + 

($>_ 

So ) 2 

—s 7 — 

± + [±-ac) 2 

U J 

v R J 

\coL 

1 IcoC J 

—P A — 

R 2 [coL J 


-1/2 


l = £, 




coC 


(b) As CO —» 0 rad/s, coL —> 0 Q, so / —» That is, the inductor becomes a short for £ 0 . On the other hand, as <y —> 

I —> oo because now the capacitor becomes a short for £ 0 . 

(c) To find the frequency for which I is minimum, we set dl/ch 22 = 0. We get 


dl 

dco 




= 0 = - 


iy ■ 


2 { coL 


coC || —\—C 
to~L 


—coC 


R \coL 


1 

coL 


-coC || —\—C | = 0 
co-L 


1 2 1 2 1 

- coC = 0 => w = — = (ok => cor, = .— 

coL LC VZC 


The resonance frequency is the same as a series RLC circuit. 


(d) We know the current is a minimum at co = co 0 and diverges as CO— >0 or <y—The graph of the current as a 
function of frequency is shown above and confirms these expectations. 
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